Objective: This study aims to assess the relationship of late-night cell phone use with sleep duration and quality in a sample of Iranian adolescents. Methods: The study population consisted of 2400 adolescents, aged 12---18 years, living in Isfahan, Iran. Age, body mass index, sleep duration, cell phone use after 9 p.m., and physical activity were documented. For sleep assessment, the Pittsburgh Sleep Quality Index questionnaire was used. Results: The participation rate was 90.4% (n = 2257 adolescents). The mean (SD) age of participants was 15.44 (1.55) years; 1270 participants reported to use cell phone after 9 p.m. Overall, 56.1% of girls and 38.9% of boys reported poor quality sleep, respectively. Wake-up time was 8:17 a.m. (2.33), among late-night cell phone users and 8:03 a.m. (2.11) among non-users. Most (52%) late-night cell phone users had poor sleep quality. Sedentary participants had higher sleep latency than their peers. Adjusted binary and multinomial logistic regression models showed that late-night cell users were 1.39 times more likely to have a poor sleep quality than non-users (p-value < 0.001). Conclusion: Late-night cell phone use by adolescents was associated with poorer sleep quality. Participants who were physically active had better sleep quality and quantity. As part of healthy lifestyle recommendations, avoidance of late-night cell phone use should be encouraged in adolescents. 
Introduction
It is well-documented that sleeping is a main component for solid cognitive and physical functions. 1, 2 Sleep has a crucial role in different aspects of life 3 ; proper sleep is especially important for children and adolescents. 4 It is suggested that sleep disturbances might increase the risk of physical and mental problems, especially during adolescence. 5 Sleep deprivation among adolescents is not a new phenomenon; however, in recent years, its adverse health effects have drawn more clinical and academic attention. 6 The technological revolution has made cell phones very attractive and popular. 7, 8 They have become a part of daily life, 9 being increasingly used among children and adolescents, 10 and have become one of the most common means of communication. 5 Some children and adolescents are so dependent on their cell phones that they take them to bed, to ensure that they do not miss any incoming message. 11 Due to the widespread use of cell phones, it is important to study possible adverse health effects of the exposure. 12 Cell phone use has been reported to be associated with health problems. 5 A number of studies have indicated that the use of cell phones as a part of electronic media is associated with sleep disorders. One study showed a significant correlation between cell phone use after lights out and sleep disturbances such as short sleep duration, low sleep quality, and excessive daytime sleepiness, as well as symptoms of insomnia among Japanese adolescents. 5 King et al. demonstrated a decrease in objective sleep efficiency, total sleep time, and rapid eye movement sleep, along with an increased subjective sleep onset latency (SOL) in adolescents. 13 According to Troxel et al., nighttime texting was associated with insufficient sleep. 14 The various findings of studies in different populations may be due to cultural differences. The use of mobile devices is widespread in different countries, but most previous studies have been conducted in Western countries. To the best of the authors' knowledge, no previous study has been conducted in this field in Middle Eastern children and adolescents. The experience in this regard in the pediatric population is limited. Studying different populations would help comparing the findings in different communities. This study aimed to assess, for the first time, the relationship of late-night cell phone use with sleep quality and duration in a sample of Iranian adolescents.
Methods
This cross-sectional study was conducted in 2015 in Isfahan, the second largest city in Iran. This study was approved by the Research and Ethical Committee of the Isfahan University of Medical Sciences. An informed written consent was obtained from parents and oral assent from participants. To include participants with various socio-demographic levels, 2400 adolescents from 46 schools (23 all-female and 23 allmale) located in different parts of the city were selected. The questionnaires, along with the parents' consent forms, were distributed among participants; the authors asked the students to complete it anonymously at home. Inclusion criteria consisted of students aged between 12 and 18 years who agreed to participate in the study. Individuals with neurological or psychological conditions that would have impaired the academic performance were not included in this study. Data were analyzed using IBM SPSS (IBM Corp. 2011. IBM SPSS Statistics for Windows, version 20.0. NY, EUA). Cramer's V and Gamma tests were run to determine the association between categorical variables. In order to compare the quantitative data, the t-test was applied, as well as the Mann---Whitney test for data that did not follow normal distribution. Kruskal---Wallis tests were performed to determine the mean differences between more than two groups with non-normal distribution. Proper binary and multinomial regression analyses were performed in order to omit the impact of confounding data. p-values < 0.05 were considered to be significant.
Background and clinical variables
Clinical variables consisted of age, sex, cell phone use after 9 p.m., sleep duration, total sleep hour, sleep latency, length of actual sleep, bedtime, wake-up time, health status, and physical activity.
The Pittsburgh Sleep Quality Index (PSQI) questionnaire, which consists of 19 self-rated questions and five questions rated by the bed-partner or roommate, was used. The latter five questions are used for clinical information only ---they are not tabulated in the scoring of the PSQI, and were not reported on in this study. The 19 self-rated questions assess a wide variety of factors relating to sleep quality, including estimates of sleep duration and latency, as well as frequency and severity of specific sleep-related issues. These 19 items are grouped into seven component scores, each weighted equally on a scale ranging from 0 to 3. The seven component scores are then added to yield a global PSQI score, which has ranges from 0 to 21; higher scores indicate worse sleep quality. A global sum of 5 or greater indicates poor sleep quality, while less than 5 indicates good sleep quality. In this study, in addition to the PSQI, another validated questionnaire was used to determine more information containing demographic variables such as age, sex, weight, height, parent's job, underlying illness, physical activity, and history of drug use, as well as health status and some behavior factors of the population. The Cronbach's alpha of the PSQI was 0.83.
Results
The participation rate was 90.4%, and 2257 adolescents completed the PSQI (1169 males and 1086 females). The mean age (±SD) was 15.44 ± 1.55 years. Overall, 1270 of participants had a positive history of using cell phone after 9 p.m. and 892 of them did not have such history. Sleep latency was 24 min (SD = 21 min) and 20 min (SD = 18 min) in cell phone users and non-users, respectively. This finding suggests that cell phone users had significantly higher sleep latency than non-users (p-value < 0.001). Those who used cell phone after 9 p.m. had a mean wake-up time of 8:17 a.m. whereas nonusers had a mean wake-time of 8:03 a.m. (p-value < 0.001). No significant relationship regarding the difference of total sleep time in cell phone users and non-users was observed (p-value = 0.263).
Physical activity was also an important clinical variable for the participants; 1314 of them reported to be physically active, whereas 851 participants did not. Sedentary participants had significantly longer sleep latency than those physically active (p-value < 0.001). Total sleep time was also significantly higher in the physically active group (p-value < 0.001). The mean wake-up time of sedentary participants 8:05 a.m. (SD = 131 min), which was significantly earlier than the others, whose mean wake-up time was 8:12 a.m. (SD = 153 min; p-value < 0.001).
Another clinical variable that was measured among participants was the body mass index (BMI). The mean BMI was 20.36 ± 3.32 kg/m 2 for girls, and 20.85 ± 3.78 kg/m 2 for boys, and 20.59 ± 3.55 kg/m 2 for the entire studied population. In total, 658 participants were underweight and had a total sleep time of 7.34 h (SD = 2.37 h), 1346 were eutrophic and had a total sleep time of 7.26 h (SD = 2.35 h), and 241 were overweight and had a total sleep time of 7.08 h (SD = 2.23 h). As presented in Table 1 , participants with higher BMI had lower total sleep time (p-value = 0.023). Table 2 presents the association of sleep quality (based on PSQI scores) with the clinical variables studied. Overall, 1270 participants had a positive history of using cell phones after 9 p.m., 610 (48%) one of them had good-quality sleep, whereas 660 (52%) of them had poor quality of sleep. Conversely, 892 participants did not use cell phones after 9 p.m. In this group, 513 (57.5%) of participants had good sleep quality, whereas 379 (42.5%) had poor sleep quality. Latenight cell phone use had a significant and negative impact on the sleep quality of participants (p-value < 0.001). The duration of cell phone use among participants was also assessed: those with good quality of sleep used cell phones for 4 h and 58 min (SD = 5 h); for those with poor quality of sleep, this duration was 5 h and 58 min (SD = 6 h). It was observed that more time of cell phone use was associated with poorer sleep quality (p-value < 0.001).
Overall, 1191 of participants were girls and 1041 of them were boys. It was that 43.9% of girls had good quality of sleep and 56.1% of them had poor quality sleep. Conversely, 61.1% of boys had good sleep quality and 38.9% of them had poor sleep quality. Boys had significantly better sleep quality than girls (p-value < 0.001). Another clinical variable was BMI. Overall, 658 participants were underweight, 1346 were normal-weight, and 241 participants were overweight. Nevertheless, no significant differences were observed between sleep quality among groups with different BMI categories (p-value = 0.38).
Another clinical variable studied was physical activity; of all participants, 1314 were physically active and 851 were inactive. It was observed that 55.8% of those who were active had good sleep quality and 44.2% had poor sleep quality. On the other hand, 45.8% of physically inactive participants had good sleep quality, whereas 54.2% of them had poor sleep quality. Physical activity had a significant and positive relationship with sleep quality (p-value < 0.001). Age was also one of the clinical variables. Those with the best quality of sleep were the youngest (12-year-olds), whereas the oldest (18-year-olds) had worst quality of sleep (pvalue < 0.001).
Regression models were made to ascertain the association of late-night cell phone use with sleep problems (Table 3 ). The first model was un-adjusted; the second was adjusted for potential confounders including gender, age, GPA, health status, and physical activity. Therefore, the association between overall PSQI score (good vs. poor) and late-night cell phone use (no, yes) was performed by a binary logistic regression model. The results of Model 2 showed that late-night cell phone users were 1.39 times more likely to have a poor sleep quality than non-users (p-value < 0.001).
Multinomial logistic regression analyses were made to investigate the relationship between each of the PSQI subscales (subjective sleep quality, sleep latency, habitual sleep efficiency, sleep disturbance, use of sleep medication, and daytime dysfunction) and late-night cell phone use (no, yes). As presented in Table 3 , in the sleep latency PSQI subscale, those who were not late-night cell phone user were 1.22 times likely to be in the ''no problem at all'' group than in ''a very big problem'' group (p-value < 0.001). Moreover, the odds ratio of being in the ''only a very slight problem'' group for non-users was 1.59 times more likely than to be in the ''a very big problem'' group regarding sleep latency (p-value = 0.018). In the habitual sleep efficiency PSQI subscale, the odds ratios of being in the ''no problem at all'' group for non cell phone users was 1.44 times greater than to be in ''a very big problem'' group. Furthermore, in the daytime dysfunction PSQI subscale, non cell phone users were 2.19 times likely to be in ''no problem at all'' group than in ''a very big problem'' group (p-value < 0.001). In this PSQI subscale, the odds ratio of being in ''only a very slight problem'' group for non-users were 1.56 times greater than to be in ''a very big problem'' group (p-value = 0.039).
Discussion
The main objective of this study was to assess the relationship of late-night cell phone use (after 9 p.m.) with sleep parameters such as its duration and quality. The present findings showed that the use of cell phones after 9 p.m. was associated with poorer sleep quality, later wake-up time, and higher sleep latency, but it was not directly associated with sleep duration. Between 2003 and 2008, there were more than 900 million new cell phone subscribers worldwide. 15 A study implied that the worldwide proportion of subscribing to cell phones has increased from 5% in 1995 to more than 70% current users in 2010. 10 Nowadays, cell phones provide their users with various ways of communication, such as calling, texting, sending e-mails; they also allow users to interact with others on social networks, using the internet, sharing videos and pictures, and using different software applications. Considering the mobile nature of cell phones, they can be used anywhere and at anytime, unlike conventional computers. 16, 17 Surprisingly, a large portion of adolescents are not aware of the adverse effects of using electronic media such as cell phones in bed; they wrongly believe that these media might help them sleep. 5 For many individuals, media use has become connected with their personal sleep routine. It is proposed that cell phone use might be associated with reduced sleep quantity and quality, as well as sleeping problems. Fobian et al. 18 indicated that bedtime media use and being awaken by a cell phone is associated with lower sleep efficiency in adolescents. According to a study by Lemola et al., electronic media use at night is associated with sleep disturbance, which could also be a partial mediator for the development of depressive symptoms. 19 A cross-sectional study among 3139 American adolescents indicated that bedtime use of communication technologies is associated with insomnia and daytime sleepiness. 20 It should be noted that sleep displacements appear to be at a higher level among children and adolescents than in other age groups. The Table 2 Association of sleep quality (based on PSQI scores) and demographic variables. stressful and sometimes irritating content of media is suggested as the underlying factor regarding how cell phone use may affect sleep. 21 Physical activity and BMI were also considered in the present as two important variables, and their association with sleep parameters was investigated. The authors found that cell phone use after 9 p.m. was significantly associated with a number of sleep-related variables. Those who used cell phones after 9 p.m. had higher levels of sleep latency and delayed wake-up time than non-users. No significant relationship was observed between late-night cell phone use and sleep duration. This finding is in line with a study among Taiwanese adolescents, which reported no significant relationship between cell phone use and sleep duration. 22 Likewise, a study among Canadian children found no significant relationship between using cell phones for either chatting or texting at night with sleep duration. 23 However, a study in United Kingdom showed that the use of cell phones reduced total sleep duration for as long as 21 min. 24 In another research in the United Kingdom, cell phone use was associated with 45 min decrease in sleep duration. 25 Another study reported that sending at least one text message late night was extremely prevalent and could affect the sleep duration.
14 Using the data collected by the PSQI questionnaire, it was observed that those who used cell phones after 9 p.m. had a poorer sleep quality. Moreover, those with a better quality sleep had shorter duration of cell phone use than those with poor sleep quality; moreover, the use of cell phones after 9 p.m. had inverse association with sleep and its related variables. The present findings are consistent with some previous reports. Studies among adults demonstrated similar findings and showed that using cell phones after the lights out had negative impacts on sleep and its quality. 21, 26 The experience on such associations in the pediatric age group is limited. A study in Japanese adolescents showed that using cell phones after lights out was associated with sleep disturbances including short sleep duration, poor sleep quality, daytime sleepiness, and insomnia. 5 A study among American high-school students showed that use or perceived need of using cell phones during normal sleeping hours may contribute to daytime sleepiness, which is in turn related to poor sleep quality. 20 The present findings showed that physical activity was positively associated with both sleep quality and quality. Participants who were physically active had lower sleep latency than their sedentary peers. Moreover, total sleep duration and sleep quality were higher in physically active participants. A study among Swedish adolescents reported that higher levels of both subjective and objective physical activity resulted in more favorable subjective and objective sleep. 27 In a study among Spanish adolescents, those with higher level of morning tiredness, an indicator of poor sleep quality, were less likely to take part in any kind of physical activity. 28 A study on the relationship of physical activity and sleep parameters in American adolescents showed that physical activity was associated with remembering when tired. 29 
Study strengths and limitations
The main limitation of the present study is its cross-sectional design. Some potential confounding factors were considered, but other variables not considered in the present study may be associated with both sleeping and late-night cell phone use in either a positive or negative way. Moreover, the cut-off for sufficient sleep time was 8 h; given that the use of another cut-off to stratify the sleep into poor and sufficient would lead to different results, the authors consider this fact as a limitation of the present study. Assessing the correlation between sleep and academic performance was only possible in the adolescent age range; therefore, it is reasonable to think that the present findings may not be significant in other age groups. The main strength of this study is its large sample size and the fact that participants with various socio-demographic characteristics were recruited. Furthermore, to the best of the authors' knowledge, this is the first large population based study of its kind in Iran.
In this study, late-night cell phone use was associated with poorer sleep quality in adolescents. It was associated with sleep latency and wake-up time, however it was not directly associated with sleep duration. Adolescents who were physically active had better sleep quality and quantity. Public awareness should be increased about the adverse health effects of late-night cell phone use by adolescents.
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